Objective. To evaluate the effectiveness and safety of Shenfu injection (SFI) for intradialytic hypotension (IDH). Methods. A systematic review of data sources published as of April 2014 was conducted. These included the Cochrane Central Register of Controlled Trials (2014 issue 4), Pubmed, Embase, CBM, CNKI, VIP, and Wangfang Data. Randomized controlled trials (RCTs) involving SFI for treatment and prevention of IDH were identified. Two researchers independently selected articles, extracted data, assessed quality, and cross checked the results. Revman 5.2 was used to analyze the results. Results. Eight RCTs were included. The meta-analysis indicated that compared with conventional therapies alone, SFI could elevate systolic blood pressure (SBP), increase the clinical effective rate, decrease the incidence of hypotension, increase serum albumin (ALB) levels, and reduce Creactive protein (CRP) levels without serious adverse effects. GRADE Quality of Evidence. the quality of SBP, the effective rate, ALB, and CRP were low, and hypotension incidence and DBP were very low. Conclusions. SFI is more effective than conventional therapies for prevention and treatment of IDH. However, a clinical recommendation is not warranted due to the small number of studies included and low methodology quality. Multi-center and high-quality RCTs with large sample sizes are needed to provide stronger evidence.
Introduction
Intradialytic hypotension (IDH), the most frequent complication of hemodialysis (HD) treatment, occurs in ∼20-30% of all dialysis sessions [1] . IDH is defined as a reduction in systolic blood pressure (SBP) by ≥20 mmHg or a reduction in mean arterial pressure (MAP) by ≥10 mmHg associated with symptoms such as dizziness, blurred vision, cramps, and fatigue [2] .
The etiology of IDH is multifactorial. IDH occurs as a consequence of a mismatch between ultrafiltration and plasma refilling rates, coupled with a decline in cardiac function, changes in serum electrolyte concentrations, autonomic dysfunction, imbalance of vasoactive agents, dialysate temperature, and an immune response to dialysis [3] . IDH is independently associated with higher mortality in hemodialysis patients, contributes to a variety of clinical events such as stroke [4] , mesenteric ischemia [5] , cardiac infarction, and arrhythmias [6] , and impairs the ability to reach the required dry weight, which will lead to fluid overload, hypertension, and left ventricular hypertrophy [7] . Moreover, IDH can accelerate decline in residual renal function [8] and cause occlusion of arteriovenous fistula [9] .
Several strategies can be used to mitigate the frequency of IDH, with variable levels of success. These include general measures such as limiting interdialytic weight gain, increasing dry-weight, and avoiding food intake during dialysis [10] , as well as sodium and ultrafiltration profiling [11] , avoidance 2 Evidence-Based Complementary and Alternative Medicine of hypocalcaemia [12] , blood volume and blood temperature monitoring [13] , biofeedback [14] , midodrine [15] and carnitine [16] , convective renal replacement therapies [17] , and longer and more frequent dialysis [18, 19] . However, development of novel, safe, and effective treatments is still necessary; traditional Chinese medicine (TCM) may offer new insight.
In TCM, the pathogenesis of IDH is the collapse of qi resulting from massive loss of blood, leading to exhaustion of yin and collapse of yang. The therapy follows the important principle that visible blood cannot be generated promptly, while intangible qi should be rescued immediately [20] . Shenfu injection originated from Shenfu decoction, a wellknown traditional Chinese herbal prescription recorded in Jishengfang (Yan's Prescriptions for Rescuing Lives) by Yan Yonghe in the 1250s [21] . Shenfu decoction consists of two Chinese herbal medicines, Radix Ginseng (ginseng) and Radix Aconiti Lateralis Preparata (prepared aconite root). The former can greatly tonify the original qi to engender blood, while the latter can restore yang and prevent collapse. The main active components of SFI are extracts of ginsenosides and higenamine [22] . Higenamine can stimulateadrenergic receptors in a manner similar to isoproterenol to directly increase SBP and myocardial beat frequency and amplitude to enhance myocardial contractility and improve atrioventricular conduction by strengthening the excitability of the sinoatrial node and atrioventricular node [23] . Ginsenosides can promote synthesis and release of prostacyclin, dilate coronary and reduce peripheral vascular resistance, and relieve myocardial ischemia [24] . SFI attenuates calcium influx, accelerates the clearance of oxygen radical, and inhibits the production of lipid peroxide, in order to antagonize ischemic reperfusion injury [25] . Clinical trials showed that SFI exerted a bidirectional effect on blood pressure, but the mechanism remains unknown [26, 27] . Therefore, SFI is used widely in treating shock [28] , myocardial infarction [29] , arrhythmia [30] , and heart failure [31] .
SFI has been used alone or in combination with routine therapies for treatment of IDH in China based on its effectiveness in observational studies and randomized controlled trials. However, the evidence of the effectiveness and safety of SFI has not been assessed systematically. The objective of this review is to evaluate the clinical effectiveness and safety of SFI for the treatment and prevention of IDH.
Methods

Inclusion Criteria
Types of Study.
All randomized controlled clinical trials (RCTs) that assessed the effect of SFI as adjunct therapy for IDH patients were included, regardless of publication status and language. We did not include quasi-RCTs, unequal RCTs, cluster RCTs, single RCTs, or cross-over-design RCTs.
Types of Participant.
The types of participant included long-term regular HD patients who had experienced repeated episodes of IDH without age or gender restriction. The diagnostic criteria were established as (1) K/DOQI guideline: a decrease in SBP ≥20 mmHg or a decrease in MAP ≥10 mmHg associated with dialysis-related hypotension symptoms [2] ; (2) blood purification, 3rd edition guideline: SBP <90 mmHg or a decrease in SBP ≥20 mmHg from prehemodialysis [40] . No patient received antihypertensive drugs or any other intervention that could influence blood pressure before dialysis.
Types of Intervention.
The treatment groups included: SFI, used alone or in combination with conventional therapies, regardless of the dose, time-point, or duration of administration. The control group included conventional therapies, such as reducing the blood flow or ultrafiltration rate and use of vasoactive drugs.
Outcomes
(1) Primary Outcomes. SBP, diastolic blood pressure (DBP), adverse events.
(2) Secondary Outcomes. The clinical effective rate, hypotension incidence and serum albumin (ALB), and C-reactive protein (CRP) levels. Clinical effectiveness was defined as follows: (1) markedly effective: SBP increased by ≥20 mmHg or SBP by >90 mmHg or MAP increased by ≥20 mmHg compared with pretreatment, with no hypotension-related symptoms, and dialysis was completed smoothly; (2) effective: SBP increased by 10-20 mmHg or SBP by >90 mmHg or MBP increased by 10-20 mmHg compared with pretreatment, with no obvious symptoms of low blood pressure, and dialysis to be completed by adjusting the dialysis program; (2) ineffective: blood pressure did not rise or continued to decline, SBP dropped to <90 mmHg, with significant symptoms of low blood pressure requiring vasopressors, volume expansion, and other drug treatment to maintain blood pressure, or interruption of dialysis. criteria and extracted data for collection. Disagreements were resolved by discussion and consensus and mediated by a third reviewer (Lixin Wang). The risk of bias was assessed using the Cochrane collaboration tool. The Grading of Recommendations Assessment, Development and Evaluation (GRADE) framework [41] was applied to assess the quality of evidence for each outcome, and the results were summarized in a Summary of Findings ≤ 50%), the fixed-effect model was used for meta-analysis. When heterogeneity was significant ( ≤ 0.1, 2 > 50%), it was analyzed with consideration of clinical factors, such as dose, time-point, and duration of follow-up, and methodological factors, such as randomization, allocation concealment, and blinding. Subgroup analysis was performed if heterogeneity was detected. A random-effects model was used to pool data in the absence of heterogeneity. Descriptive analysis was performed in cases of unacceptable heterogeneity. Sensitivity analysis was carried to evaluate the stability of results.
Search
Results
Description of Studies.
Of 1,141 potentially relevant articles identified and screened, 985 remained after duplicate records were deleted using Endnote X6. We excluded 965 articles based on the title and abstract because they were not reports of clinical trials or did not involve SFI or IDH. After reading the full text, eight articles were excluded as they were case reports or lacked a comparison group, two were excluded due to SFI existing in the control group, and one article was excluded because one of the authors revealed that it was not a valid RCT. Therefore, eight studies were included in the final analysis. Flow diagram was summarized in Figure 1 .
Characteristics of the Included Studies.
Of a total of 348 participants, 7,974 hemodialysis sessions were performed in the eight included studies (Table 1 ). All studies were conducted in China and published in Chinese between 2007 and 2013. The eight studies involved 200 males and 148 females with an age range of 21 to 83 years. The etiology of end-stage renal disease was identified in 248 patients in five studies, including 103 with chronic glomerulonephritis, 63 with diabetic nephropathy, 25 with obstructive nephropathy, 36 with hypertensive nephropathy, 8 with polycystic renal disease, 2 with chronic pyelonephritis, 3 with gouty nephropathy, 4 with lupus nephritis, and 4 with chronic interstitial nephritis. Participants in seven studies underwent bicarbonate dialysis for 4-4.5 h and 2-3 times per week. A flow-flux polysulfone hollow-fiber dialyzer was applied in six studies. Six studies reported the duration of dialysis as 2 months to 10 years. Of the interventions, conventional therapy referred to treatment according to K/DOQI guidelines [2] , including changing dialysate temperature, adjusting sodium and ultrafiltration, increasing dialysate calcium, correcting anemia, and use of a vasoactive drug such as midodrine. The dose of SMI used ranged from 20 to 50 mL. SFI was administered intravenously in all included studies. (Figure 2 ). All studies were of poor methodological quality and at high risk of bias. A random allocation was mentioned in all eight studies but none described the method used. The authors of three studies could not be contacted because of the wrong phone number [32] , vacation [35] , or dismissal [36] . After contacting the authors of the five remaining studies, it was determined that four studies [33, 34, 38, 39] used a random-number table and the remaining [37] study used computer software.
Risk of Bias in Included Studies
No study provided information about allocation concealment. After making phone calls to the authors, it was established that none of the studies adopted an adequate allocation concealment method.
Furthermore, blinding of key study personnel (patients, investigators, and assessors) was not used in any study.
Dropouts or withdrawals were not reported, and no trial reported an intention-to-treat analysis. All of the included studies appeared to have adequate and acceptable compliance.
The study protocols were not available, although the prespecified outcomes of four studies were reported in a prespecified manner [32, 33, 36, 37] , while the other four studies utilized selective reporting [34, 35, 38, 39] .
There may be a risk of other bias, but there was either insufficient information to assess whether an important risk of bias exists or insufficient evidence that an identified problem would introduce bias.
Synthesis of Results
Blood Pressure.
Three studies [32, 34, 38] reported preand post-SBP (Figure 3(a) ) and diastolic blood pressure (Figure 3(b) ). There was homogeneity in the SBP results ( 2 = 2.97; < 0.23; 2 = 33%). Thus, a fixed-effects model was used for statistical analysis. There was a significant difference in SBP between the two groups (MD = 22.97; 95% CI, 18.70-27.24; < 0.0001). However, the quality of Chen [32] was much lower than other two. So it was excluded for sensitive analysis. The heterogeneity was significant ( 2 = 2.32; = 0.13; 2 = 57%). A random-effects model was used and the results were not changed materially (MD = 20.73; 95% CI, 11.82-29.63, < 0.0001). So the SBP of meta-analysis was stable.
There was no homogeneity in the DBP results from ( 2 = 76.46; < 0.00001; 2 = 97%). However, the heterogeneity could not be explained by clinical or methodological factors; thus, a random-effects model was used for statistical analysis. The increase in DBP compared with the control group was not statistically significant (MD = 16.80; 95% CI, −2.58-36.18; < 0.09). The post-DBP in one study was considerably higher than those in two others; the demographic characteristics and the severity of disease could not account for the difference.
Evidence Heterogeneity:
, df = 1 (P = 0.69); I 2 = 0% 2 = 0. 16 Therefore, the study was excluded from the sensitivity analysis, which showed that heterogeneity remained ( 2 = 2.47; = 0.12; 2 = 59%); the result was altered markedly (MD = 7.08; 95% CI, 1.03-13.14; = 0.02). Therefore, the metaanalysis results were unstable. [33, 37] calculated the clinical effective rate as the ratio between the proportion of responders in both groups (Figure 4) . The two independent trials showed homogeneity in the trial results ( 2 = 0.16; = 0.69; 2 = 0%). Thus, a fixed-effects model revealed that patients with IDH receiving SFI therapy had a significantly improved clinical effective rate compared with the control group (OR = 1.29; 95% CI, 1.19-1.40; < 0.00001).
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Incidence of Hypotension.
Seven studies evaluated the incidence of IDH episodes ( Figure 5 ), and they did not show homogeneity ( 2 = 30.33; < 0.0001; 2 = 80%). As SFI was used for prevention in four studies [32, 35, 36, 39] and treatment in another three [33, 34, 37] , heterogeneity was explored by conducting a subgroup analysis. Heterogeneity was detected in both subgroups ( 2 = 57% in the prevention subgroup and 2 = 77% in the treatment subgroup). Thus, a random-effects model was used for statistical analysis. SFI reduced the incidence of hypotension when used to prevent or treat an episode of IDH before or during dialysis (OR = 0.46; 95% CI, 0.36-0.58; < 0.000001; OR = 0.72; 95% CI, 0.58-0.91; < 0.005, resp.).
Serum Indices.
Four studies [33, 34, 37, 38] recorded ALB data before enrollment and at the completion of the study (Figure 6(a) ). The heterogeneity was acceptable ( 2 = 4.48; = 0.21; 2 = 33%), so a fixed-effects model was used for statistical analysis. SFI made a significant contribution to the elevated ALB in dialysis patients (MD = 2.06; 95% CI; 1.87,4.42; < 0.00001). Three studies [33, 34, 37] recorded CRP data before the study began and after study completion (Figure 6(b) ). The heterogeneity was excellent ( 2 = 0.06; = 0.97; 2 = 0%), so a fixed-effects model was used for statistical analysis. SFI decreased the CRP level of dialysis Test for overall effect: Z = 6.56 (P < 0.00001) Test for overall effect: Z = 2.65 (P = 0.008) Test for overall effect: Z = 5.53 (P < 0.00001) patients (MD = −2.42; 95% CI; −3.40, −1.44; < 0.00001). ALB is an important indicator of nutrient status, while CRP is predictive of cardiovascular events. Therefore, SFI may be used to increase the long-term survival rate of dialysis patients.
Adverse
Events. An adverse event was reported in only one trial, which involved 50 patients. One patient complained of a headache and two had a rash that disappeared after 1 day [39] . Two trials reported no adverse effects in patients during observation [35, 37] . The other five trials did not report adverse effects. With the exception of DBP, each study was excluded from the sensitivity analysis, one by one. This did not materially change the results, which strengthened our confidence in their validity.
Discussion
Summary of the Main Results.
Eight studies, involving a total of 348 individuals in 7974 HD sessions, were included in the present meta-analysis. The sample size varied from 30 to 60 participants. The main findings were that compared with conventional therapy alone, SFI adjuvant therapy resulted in an elevated DBP, increased clinical effectiveness rate, decreased incidence of hypotension, increased ALB, and decreased CRP without serious adverse effects. However, the evidence presented in the meta-analysis was insufficient to warrant a clinical recommendation due to the generally weak methodological quality of the included studies.
Overall Completeness and Applicability of Evidence.
Our findings are generalizable to the majority of patients with IDH being treated with SFI in addition to conventional therapies, regardless of age, the cause of kidney function failure, and the duration of HD. SFI can prevent the occurrence of hypotension before dialysis and relieve the symptoms thereof during dialysis. However, the composition of Chinese herbal medicine is too complex to extract a single component, while the main ingredient of prepared aconite root is poisonous. Therefore, SFI cannot be accessed overseas, which may explain why all articles included in the meta-analysis were in the Chinese language and that SFI was used only in domestic hospitals.
Quality of Evidence.
The Cochrane Collaboration Network GRADE was used to perform a systematic review of the results ( Table 2 ). The systematic analysis contained seven outcomes. DBP and SBP were key outcomes, while the clinical effective rate, hypotension incidence, and ALB and CRP levels were important outcomes. The GRADE profile indicated that the quality of evidence of SBP, the effective rate, ALB, and CRP was low, and that of hypotension incidence and DBP was very low. Downgrading was due primarily to methodological limitations; the inconsistency could not be explained.
Limitations in the Review Process
Methodological Quality.
Firstly, the methodological quality of the studies was Poor. All studies claimed to be RCTs, but none described the randomization procedure. Furthermore, allocation concealment and blinding were not applied in any study. No studies reported dropout or lossto-follow-up, and intention-to-treat was not mentioned. In addition, no protocol was available to confirm that studies were free of selective reporting bias. These different types of bias could therefore have led to false-positive results.
Limited Outcomes.
Secondly, limited outcomes were reported, especially with regard to adverse events and prognosis. Only 37.5% of the trials described the occurrence of adverse events, indicating an incomplete evaluation of the safety profile of SFI, as well as poor quality of reporting. In most trials, the duration of therapy was insufficient to yield conclusive results. Prepared aconite root is poisonous, but long-term toxicity was not monitored. Repeated episodes of IDH will influence the prognosis of HD patients, and some drugs increase mortality over the long-term despite a short-term improvement in clinical symptoms. However none of the studies involved a follow-up period after treatment. Therefore we were unable to adequately assess the effectiveness and safety of SFI for IDH.
Inconsistent Interventions.
Thirdly, the intervention should be compared with a placebo or the current "gold standard treatment. " However, IDH is an emergency that requires immediate intervention and there is no standard treatment other than conventional therapies. All studies included in this review used an "A+B versus B" design in which patients received conventional therapies alone or in combination with SFI. However, the type of conventional therapy varied among trials, which might have introduced bias.
Publication Bias.
The number of included articles did not allow the generation of a funnel plot to assess publication bias. In addition, all trials included in this paper were published in Chinese journals, which may limit the generalizability of the findings. All trials reported positive results, which are much easier to publish in China, and no study that reported a negative result was available, although we made an effort to include unpublished data. Therefore, publication bias might have existed.
Lack of Economic Data.
No economic data or a relative economic analysis has been reported.
Conclusions
Implications for
Practice. This is the first meta-analysis of RCTs of the effectiveness and safety of SFI for patients with IDH. However, the evidence available from this systematic review is insufficient to recommend the routine use of SFI for IDH because of the methodological limitations of the included studies. Thus, the effectiveness and safety of SFI therapy for IDH remain to be determined.
Implications for Research.
A sample size calculation should be conducted before enrollment. Randomization, allocation concealment, and blinding should be designed and carried out appropriately. In addition, the duration of followup should be sufficient to make adjustments for long-term effectiveness and safety, as well as to conduct a subgroup analysis. Furthermore, clinical trials should be registered in the WHO International Clinical Registry Platform in advance and reported in detail according to the CONSORT [44] or The clinical effective rate Follow-up: 3-12 w None of the trials were blinded or allocation concealed. 2 Confidence intervals with minimal overlap, the value for heterogeneity is less than 0.05 and 2 > 50%. Heterogeneity was not explained. * Means hemodialysis sessions, as they need dialysis twice or thrice in every week.
